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It was the purpose of this study to analyze cepl~alometrically a group of early n~ixetl-tlentition patients who had undergone 3 years of "chin cup" orthopedic therapy. In order to define the efficacy of the appliance, the treated sample was compared with a similar group of patients who did not receive treatment.
Review of the literature
The use of restraining devices to reduce mandibular prognathism was reported in the early 1800's6 Cellier in France and Fox, Kingsley, and Farrar in the United States all designed appliances that resemble today's chin cup. These early attempts to correct mandibular prognathism tended to fail for one of two reasons. First, the forces generated by appliances in the 1800's were usually too small to have an influence on condylar growth mechanisms7 Second, treatment was often begun after facial skeletal growth was completed, leaving the practitioner with the task of literally "driving" the mandible backward in the craniofacial complex. There was no clinical concept of growth guidance. The early failure with the chin cup appliance was one of the reasons that orthodontists turned to intraoral appliances with intermaxillary elastics in an attempt to correct the Class III problem. By their very nature, however, the intraoral appliances limited the clinician to a dental correction in a skeletal malocclusion. While it was sometimes possible to mask the skeletal disharmony between upper and lower jaws with a dental correction, the majority of cases that were treated were compromised and unsuccessful.
A conceptual change in the treatment of the Class III malocclusion was offered in the late 1940's and early 1950'ss After observation of the gross effects of Milwaukee brace treatment on the growth and form of the mandible, it was proposed that strong "orthopedic" forces in the range of 400 to 800 Gm. might be used to reduce a mandibular prognathism. The "orthopedic force" concept was put into actual use by directing strong forces to the mandibular basal bone through a chin cup mechanism. Although the design of the appliance was certainly not new, the use of heavy force was an important modification.
Several experimental animal studies have shown that force placed against the mandible can alter temporomandibular joint growth.+14 However, parallel studies on human being@, s, X-N have not reported this finding. The human studies have had variable results because of differences in appliance design, force application, and evaluation methods. Those studies reporting failure have primarily been conducted on teen-age samples and have utilized comparatively light chin cup forces. Those studies reporting success, on the other hand, have emphasized the importance of early chin cup guidance with stronger orthopedic force. In short, chin cup orthopedic guidance of human mandibular development has been a subject for much opinion but little research. Thus, the present study is an attempt to provide an experimental basis for chin cup therapy. Methods and material Sample. The material in this study consists of lateral cephalograms of thirty persons taken from the files of a private orthodontic practice. The treatment group was selected for the purposes of this study according to the following criteria : 1. All subjects were from 5 to 8 years of age (average age, 6 years) at, the start of treatment. This minimized the elect of any circumpubertal growth spurts during therapy.
2. No subject had undergone orthodontic therapy of any type prior to the start of this study.
3. No intraoral appliances were placed during the period of this study. This criterion precluded any treatment effects other than those produced by the chin cup therapy.
4. In order to reduce skeletal variations and differing treatment responses that might be attributed to racial characteristics, all subjects were Caucasians.
5. All subjects in this group were under active chin cup guidance for a period of 3 years, (that is, from the beginning of the study to the final cephalometric film).
6. All subjects exhibited a skeletal Class III malocclusion prior to treatment. This was determined by clinical evaluation of each subject in centric relation in order to distinguish between skeletal and dental-functional Class III malocclusions. The mesiobuccal cusp of the maxillary first permanent molar (or deciduous second molar) occluded posterior to the buccal groove of the mandibular first permanent molar (or deciduous second molar). Moyers2" states that this ". . . occlusal configuration almost always is the result of marked skeletal mandibular prognathism." 26 Gmber Am. .J. O&hod.
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Appliance. The appliance used on the treatment group was the "chin CUP" appliance. This extraoral appliance utilizes a head cap which is firmly seated on the posterosuperior aspects of the cranium as anchorage and has attachments for the placement and activation of a chin cup. A force module of either elastic or metal coil spring was used to provide desired tension levels on the chin CUP itself. The appliance was fabricated so that the pull on the chin cup was oriented along a line from the mandibular symphysis (pogonion) to the mandibular condyle (Fig. 1) . While the materials used in the construction of this appliance varied slightly from patient to patient, the general design remained uniform.
Each patient began treatment with 150 to 300 Gm. of force per side of the chin cup. This force was increased to a minimum of 450 Gm. per side over a 2-month period. Subjects were instructed to wear the chin cup for a period of 10 to 12 hours per day. In cases of more severe malocclusion or lack of cooperation, the period of requested wear was increased to 12 to 16 hours daily. After resolution of the skeletal maxillomandibular imbalance, both the amount of chin cup force and the duration of wear were reduced. The appliance was then used as a "retainer"
for the remainder of the 3-year treatment period. Treatwed evaluation. Lateral cephalograms were taken at regular intervals during therapy, but for the purpose of this study only the beginning film and that film most closely approximating the completion of 3 years of active therapy were evaluated. Cartesian coordinates of thirty-three hard-and soft-tissue landmarks were recorded directly from the lateral cephalogram by means of a graph pen digitizer. Demographic material, including the subject's identification number, sex, age, birth date, film date, treatment type, and an index of patient cooperation was recorded with each film. A specially written Fortran IV computer program was used to generate t,he requested cephalometric measurements. There were fifty-eight variables in the study; the first variable, cooperation, was followed by fifty-seven linear and angular measurements (Fig. 2, A-E) .
While most of'the measures of this sample were based on classic methods and require little explanation, there is some variation in how the terms mandibuln~ plane and occlusal phe are measured and interpreted. For the purposes of this study, the mandibular plane is defined as a line from menton to the point on the external contour of the posterior third of the mandible determined by a tangent through menton. The occlusal plane is synonymous with the "functional" occlusal plane and is defined by two points: the midinterocclusal point as measured at the mesiobuccal cusp of the maxillary first molar and the midinterocclusal point between the maxillary and mandibular first premolars (or, by default, the deciduous first molars). The use of the functional occlusal plane in this study was necessary to avoid variation in the plane due to incisor position.
Control group. Although the treatment group was a longitudinal sample, it was impossible to find longitudinal data on untreated skeletal Class III patients starting at 6 years of age. The young age of the group under study made even a cross-sectional analysis difficult. However, through the efforts of G. Walker at the Biometrics Laboratory of the University of Michigan School of Dentistry, an untreated, mixed longitudinal group analogous in age and skeletal characteristics was developed. As only cephalometric values were available for this untreated group, the presence of a skeletal Class III malocclusion had to be defined in terms of cephalometric measurements rather than clinically. WalkeF stated that an ANB value of more than 1.5 standard deviations below the norm for the particular age in question is indicative of a Class III malocclusion as classically described in the literature. Using these criteria, sixteen subjects at age 6, with ANB measurements of less than 1 degree, were chosen. Similarly, sixteen g-year-old children with ANB angles of less than 0.5 degree were chosen. Walker'l analyzed forty-two variables in his sample and provided the incremental values of the differences in these variables for the 3-year period of growth used in this study.
Because the control group was selected on the basis of cephalometric parameters and was not examined clinically, an added evaluation of this sample was made to verify that the control group was, in fact, characteristic of Class III malocclusion. The initial age values of the untreated group were compared by paired t tests to the initial values of the treatment groups (that is, a sample in which skeletal Class III malocclusion characteristics had been confirmed by both cephalometric and clinical examination).
As skeletal Class III malocclusion involves discrepancies in a large number of areas within the craniofacial complex when compared to other craniofaeial types,22 morphologic deviation by the control group from the known Class III skeletal pattern in the treated sample would be demonstrated by this statistical comparison. The results of this comparison indicated that t,he control sample was, indeed, representative of skeletal Class III malocclusion.
Statistical evaluatiox The error of the method was studied by double-determination tracings and was evaluated statistically. This source of error was insignificant. Possible variations due to groupings by male and female sex were considered when compiling the samples for both the treatment and control groups. T tests were run on an initial set of variables in the group to note any differences due to sex. Of the fifty-seven variables considered, only eight were significant, and all of these were less than 0.05. Because the variability between the male and female subgroups of the two samples was minimal, the sex factor was disregarded.
The nature of the control data required the utilization of mean variance scores for statistical computations, which tended to reduce the significance levels in the two comparison groups and biased the reported results in a conservative manner. This procedure thus minimized differences between the control and treatment groups that might be apparent with a more precise description of the control sample. However, because of this, results reported to be statistically significant in this study may be more readily accepted after a consideration of the conservative analytical bias present in this report.
Variations in the treatment time period were reduced to a period of 36 months for computation of the changes in variable values for both the treatment and control groups. Selection procedures (that is, selection of the treatment group on the basis of clinical analysis and selection of the control group on the basis of classic cephalometric values) did result in some differences between the two groups. However, the majority of these individual disparities were traced to " . ...,, :
. differences in the cephalometric measurement techniques utilized in assessing the control and treatment groups. Comparisons between the two groups were thus made with respect to differences over the 3-year observation period rather than by variable-to-variable comparisons. Reducing the effect of errors inherent in the cephalometric technique permitted statistical comparisons (paired t tests) to be made between the net changes noted in the a-year observation period for both the treatment and control groups.
Growth and treatment effects
Study of the untreated sample indicated skeletal patterns and craniofacial growth trends similar to those reported by Bj6rk,Z3 Joffe,z4 and Rakosi.25 Subjects exhibited relative mandibular prognathism exemplified by poor mandibular position and excessive amounts of horizontal mandibular growth (Fig. 3) . Horizontal growth excesses in the mandible were, for the most part, not matched by the maxilla, thus causing the Class III relationship to worsen with age. While growth discrepancies in the mandible and maxilla were the most obvious, there were deviations from normal skeletal form in the cranial base and in the positional relationship of the various craniofacial components. This finding supports the findings of Jacobson and co-workers,z" who stated that the "typical" Class 111 patient shows dysplasia to varying degrees throughout the craniofacial complex.
The broad structural scope of the Class III skeletal problem was matched by the far-reaching effects of orthopedic force treatment (Table I) . Comparison of variable changes over the 3-year period between the treated and untreated samples indicated that 3 years of chin cup therapy had ramifications in all areas of the craniofacial complex. While changes in some components were sometimes small, their compound effect resulted in an undeniable change in facial pattern as a direct result of therapy (Fig. 4) . The various areas of the face will be considered separately for purposes of discussion. However, the reader should keep in mind the additive and sometimes multiplicative treatment effect indicated by combining the individual area observations into the functional entirety of the craniofacial complcs. Cranial base relations. The measurements of cranial base structures were divided into two categories-an evaluation of component part size and an evaluation of angular relationships. Analysis of anterior cranial base length revealed that the treated sample exhibited less growth in length than did the untreated sample. The disparity of more than 1.0 mm. in this measure may be attributed to some retardation in the anteroposterior growth at the spheno-ethmoidal synchondrosis. It can be assumed that forces were transferred through the maxilla, by way of the teeth, from the mandible.
At the end of the treatment period the average length of the posterior cranial base was not significantly different for either the control or the treatment group. However, the relation of the anterior cranial base to the posterior cranial base (that is, the saddle angle) did change. The control sample showed an opening of this angle over the 3-year period of almost 5.5 degrees ; the treatment group showed an opening of approximately 1.0 degree. While changes in both samples were statist,ically significant, one might have expected the opposite results, namely, an opening of the saddle angle induced by posterior orthopedic forces and a closing of the saddle angle as mandibular prognat,hism became more acute in the control sample. The reasons behind the noted differences are obscure. However, Henryz6 has noted calvarial and "clockwise" cranial base changes after the use of heavy orthopedic forces in studies of Xlncaca mulatta monkeys. One may speculate that there were similar cranial base rotations in the human treated sample which, because of the lack of metallic cranial base implants, we were unable to measure.
Crania,1 base-mandibular relation.
The control group showed an increase in the SNB angle, while the treatment group showed a decrease. The backward positioning of point B was due in part to a backward rotation of the mandible.
Postural positioning of the mandible was assessed by evaluation of the articular angle (S-Ar-Go). While control subjects showed a closure of the articular angle, the patients receiving chin cup therapy showed an opening. This change in angular relationship between the ascending ramus and the cranial base tends to decrease the horizontal expression of the ramus length and to increase its vertical contribution relative to other craniofacial structures.
The measurements designed to explore alterations in the position of the temporomandibular articulation relative to the cranial base (Fig. 2, D) indicated that the temporomandibular joint moved downward and backward with growth. In the control sample, it moved more posteriorly than inferiorly. The treatment group showed a slight predilection to posterior horizontal change over inferior vertical change, but any "orthopedic" effect appears to have been minimal.
Both control and treatment groups showed a decrease in the mandibular plane angle. However, the control group showed a greater change by almost three to one (p < 0.001). Part of this difference may be explained by the backward rotation of the mandible relative to the cranial base in the treatment sample. Horizontal growth vectors appear to have been more verticslly directed during the treatment period. With respect to mandibular relations, analysis may be considered in terms of changes in localized mandibular contour and changes in the relationship of the component parts of the mandible. An obvious skeletal change that one would expect from the use of the chin cup appliance is alteration of bony contours at the mandibular symphysis. In our treated sample, however, measurements of the chin button showed no alteration in size. The entire symphysis did decrease slightly in width, but this change was not statistically significant. Apparently, the localized pressure effects of the chin cup itself were sufficiently dispersed so that no one area was impinged upon with a duration and intensity enough to cause bone remodeling.
Alterations in mandibular body length (gonion to menton) were monitored in both the treatment and control groups. The treatment group showed 1.0 mm. less anteroposterior growth than did the control group, but this difference was not statistically significant.
The measure of posterior vertical mandibular body size showed significant differences between control and treatment samples. A smaller increase in height was seen in the treated sample, leading to the conclusion that there was some retardation of posterior vertical alveolar increase during the orthopedic treatment.
With respect to the relationship of the mandible to the cranial base, there was a change in the orientation of the ramus to the posterior cranial base; that is, posterior rotation of the mandible centered at the temporomandibular joint caused the ramus to be oriented in a more vertical position. This new angular relationship resulted in a more vertical expression of ramus size.
Evaluation of changes in length of the ascending ramus proved to be even more significant from the standpoint of altering growth. While both the treatment and control groups showed increase in ramus length with growth, the control sample had an average of more than 3.0 mm. greater growth than the treatment group (p < 0.001). This suggests that the orthopedic chin cup effect was transmitted through the mandible, placing pressure on the condylar growth site and thus causing the observed diminution in ramus length. This study provides the first confirmative evidence of vertical condylar growth retardation in human beings.
The relationship of t,he mandibular body to the mandibular ramus, as expressed by the gonial angle, provided further evidence of orthopedic effect. While both control and treatment groups showed a decrease in this angle, the subjects treated with chin cup therapy showed almost 2 degrees more closure than the untreated group.
In describing the Jarabak-University of Chicago cephalometric analysis, JarabakZ7 emphasized the importance of the upper and lower components of the gonial angle and stated that lower gonial angle values of between 70 to 75 degrees are normal, while values of 75 degrees and above indicate excessive lower face height. Lower gonial angles (70 degrees and below) indicate diminished lower face height. In the treatment group reported in this study there was a statistically significant decrease to 71 degrees in this angle, giving the treatment group a relatively normal lower face height at the end of the treatment period.
The upper gonial angle measures have significance in predicting growth direction.27 If the value is above 55 degrees, the person tends to show a horizontal mandibular growth pattern. Normal values are between 50 and 55 degrees, with those subjects below 50 degrees tending to show a vertical mandibular growth pattern. In the treated subjects from this study, there was a decrease in gonial angle from 58.5 degrees to 54.4 degrees (p < 0.001). Thus, the treated sample was changed from a dominant horizontal mandibular growth pattern t,o one that. fell within the range of normality. MaxilZomandibu&r relations.
Changes in the ANB and NAP angles were monitored for both groups. In the untreated group, the ANB angle continued to indicate a worsening of the Class III skeletal maxillomandibular relationship. Those subjects treated with the chin cup, however, exhibited a normalization of the mandible relative to the maxilla. Similar findings in the NAP angle and in the AB to functional-occlusal plane relationship supported these observations. While the ANB angle does not indicate where changes were affected, it does mirror the resolution of the skeletal malocclusion that was seen clinically.
The angular relationship of the mandibular body to the palate was determined by using the relationship of the palatal plane to the mandibular plane angle. Both groups showed a closure of the angle, with the control group showing twice as much closure as the treated sample. Although these differences were not statistically significant, these findings do demonstrate a trend which is supportive of the rotational change in mandibular and palatal positions noted in the treatment group.
Maxillary relations. Evaluations of upper face changes over the 3-year period were made by measuring vertical height in the anterior and posterior maxilla. As was the case with the mandible, measures were taken from the occlusal surfaces of the molars and the incisors in order to test the total effective vertical change in the upper face (Fig. 2, D) . A measure of the relationship of the palatal Am. J. Orthod.
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For purposes of this study, analysis was divided into a consideration of both the anterior and posterior maxilla. IJpper anterior face height was measured both directly (Fig. 2, C and D) and indirectly (by measuring from the SN line to the tip of the maxillary central incisor). Both control and treatment groups showed vertical growth in the anterior face. While differences between the two groups were not statistically significant, the treated sample did show a slightly greater increase in anterior face height.
In the posterior face, however, differences between the control and treatment groups were statistically significant (p < 0.01). The sample treated orthopedically showed an increase in vertical dimension which was one half that of the untreated sample. Actual vertical dimensional measures, when considered with an analysis of the palatal plane to SN line angle (see below) indicate that the orthopedic forces contributed to a decrease in the posterior maxillary vertical development. The parallel nature of the occlusal and palatal planes suggests action at either alveolar or combined alveolar and basal bone sites.
Cranial base-maxillary relations. Analysis indicated that while the angle defining the relation of the palatal plane to the SN line closed slightly in the control sample, it opened in the treated sample (p < 0.01). This indicates that the orthopedic forces of the chin cup mechanism were transferred through the posterior dentition to the posterior maxilla. Vertical growth was altered, producing a small but definite rotation of the maxilla that resulted in opening of the palatal plane relative to the SN angle.
Anteroposterior movement of the maxilla was measured by the SNA angle. There was negligible change and no difference between the treatment sample and the control sample. This, when combined with the findings on maxillary height, indicates that the orthopedic effects of the chin cup on the maxilla, as transferred through the mandible, were primarily vertical rather than horizontal.
Dental relations. While one might expect the effects of the chin cup to be localized primarily in the anterior segments of the dentition, with lingual inclination of the mandibular incisors, a comparison of treatment and control groups in this study proved just the opposite (Fig. 5) . Indeed, while untreated subjects were characterized by an increasing lingual inclination of the lower incisors, the treated sample showed a relative labial inclination approaching commonly accepted normative values for IMPA. Thus, the localized dental effect in this study may be discounted as contributing significantly to the correction of the Class 111 malocclusion. A more plausible explanation is that the lower incisor inclination was responsive to the induced alterations in maxillomandibular relationships. Changes in maxillary incisor position were significantly different between treatment and control groups. While the control group showed continued uprighting of the maxillary ineisor, as measured by the upper incisor to the SN angle and the upper incisor to facial plane distance, the treatment group tended to normalize. The forward angulation and position of the maxillary incisors contributed to the reduction of the Class III dental malrelationship.
However, nmxillary incisor inclination at the end of the 3-year period was not excessive. The relationship between the maxillary and mandibular incisors improved in the treatment group as a function of the incisor segment position and angular improvement of the individual tooth within the respective jaws. These changes are believed to be secondary to the alteration of the maxillomandibular relationship produced by the orthopedic chin cup. Statistically significant changes in overbite and overjet also reflected the relationship between the maxilla and the mandible. While the control group showed a worsening negative overjet and an increase in levels of overbite due to characteristic "overclosure," the treatment sample exhibited just the opposite changes ; overjet improved almost 2.0 mm. in the treated sample, while overbite increased 1.0 mm., helping to stabilize the corrected skeletal dental relationship.
Soft-tissue relations. Soft-tissue changes were monitored by measuring the Holdaway "H" angle and upper and lower lip thickness. Lip thickness showed no appreciable change during the treatment period. However, there was an alteration in soft-tissue facial profile as indicated by the "H" angle (p < 0.0016). This change indicated alteration from a prognathic outline to a straighter profile type. While angular values were on the "prognathic" side of normal for the age group in question, a considerable change from pretreatment values was reported. Unavailability of soft-tissue point recordings for the control group made intergroup comparison unfeasible.
Facial dimemional changes. There were obvious size increases in both anterior and posterior face height during growth, as reported above. The interesting points of comparison between treatment and control groups revolve around the relative contributions of the specific components that comprise the vertical changes in both anterior and posterior regions.
While the total anterior face height change over the S-year period was similar for both groups, there was a difference in the way it was apportioned between the upper and lower segments. The control group maintained the ratio of upper to lower face fairly closely, with the lower face increasing slightly more than the upper face. In the treatment sample the situation was reversed, with the upper face showing more vertical increase than the lower face. This resulted in a statistically significant change in the ratio of the upper to the lower face.
The posterior face showed statistically significant (p < 0.01) differences between the two groups, with the treated sample increasing less than the untreated sample. The locus for this difference appears to be in the retardation of growt,h in the mandibular condyles of the treated subjects. While the posterior cranial base height increase in both samples was about equal, there was a large difference in the ramus height growth, leading to the observed differences in total posterior face height.
The ratio of posterior to anterior face height indicates that anterior face height increased more rapidly, particularly in the treated sample. It is suggested that the orthopedic effect of the chin cup appliance was successful in retarding posterior vertical face growth to some degree and in slightly increasing anterior face height. The combined effect is observed as a downward and backward facial rotation. While this rotational change has not been previously reported in human studies, Janzen and Bluher'l and doho" made similar observations on parallel studies in rhesus monkeys.
The importance of the relative position of the component parts of the face in contrast to singular alterations in size is again illustrated by the comparison of facial length (sella-gnathion) changes to alterations in the Y axis. While no significant difference was seen between the two groups in the size measure (facial length), there was a statistically significant difference (p <O.OOl) in the Y axis. Untreated skeletal Class III patients exhibited an opening of the axis, while orthopedically treated patients showed a closing of the axis (that is, a backward rotation).
The closure of the Y axis may, in turn, be linked to a more vertical expression of facial growth, particularly mandibular growt,h.
Role of cooperation
The expected degree of patient cooperation was evaluated at the beginning, during, and at the end of the treatment period. A three-point grading system was used, with "1" indicating poor cooperation (approximately one half the requested appliance wear), "2" indicating good cooperation (almost all of the requested appliance wear), and "3" indicating excellent cooperation (better than the requested appliance wear). Both parents and treatment subjects were questioned concerning the amount of appliance wear, and all results were noted on the patient's records. Cooperation levels were recorded separately from treatment results.
There was little change in the level of cooperation, once a pattern was established. There was a very slight tendency in this sample toward decreased levels of cooperation with time, but the finding was not statistically significant. At the age level involved in this study, the subjects were generally very cooperative. Girls generally cooperated better than did boys.
The change in AB to occlusal plane angle was chosen as being representative of treatment success.28 Large increases indicated success of treatment (that is, reduction of maxillo-mandibular malrelationship) . Small changes indicated deficiencies in treatment. A strong positive correlation was found between treatment success and cooperation in appliance wear. In other words, those subjects who cooperated in wearing the chin cup appliance exhibited the greatest amount of correction of their skeletal malocclusion, This finding, although subjective and based on common sense, nevertheless is important to the clinician.
Discussion
Previous studies on the use of chin cup appliances on human subjects have reported varying levels of success.*' 9, Is-l9 Differences in these findings may be causally related to the variability of appliance design, duration of treatment, level of force utilized in the appliance, and/or the age of the subjects being treated. Experimental animal studies testing the effect of posteriorly directed forces against the temporomandibular joint have had more consistent results. Definite changes in mandibular development have been reported in these studies, which have used both radiographic and histologic techniques."-14, so3 :'I The disparity between the results of human and experimental animal studies, added to the inconsistency of findings wit,hin the human experiments themselves, has produced uncertainty in the minds of orthodontic clinicians."2, R:l In the present study, specific evaluation has been made of fifty-seven hardand soft-tissue measurements in order to evaluate the efficacy of the orthopedic chin cup appliance. While the important individual facial component alterations have been discussed in the preceding section, a consideration of changes as they
